The response of native shortgrass prairie legumes to water and nitrogen additions was evaluated utilizing a replicated factorial design of two water and two nitrogen treatments. Responses measured were densities and aboveground biomass by species. Water treatment greatly increased both density and biomass of legumes, presumably because of more favorable conditions for nitrogen fixation and increased competitive advantage under nitrogen deficient conditions.
The availability of nitrogen, more than any other mineral element, is a critical determinant of both the structure and productivity of grassland plant communities (Date 1973 ). Additionally, mineral nitrogen supplies to the plant community largely determine the value of the biomass produced as forage for consumers. In native grasslands nitrogen-fixing plants are presumed to occupy an important position in nitrogen cycling although for most grasslands very little is known about the ecology or functional significance of native legumes (Becker and Crockett 1976) . This is particularly true of the semiarid grasslands of the Great Plains of North America. The majority of the information available concerning the ecology of legumes in these grasslands is available as an incidental portion of the data collected on the dominant grassland plants (Albertson 1937; Hanson and Whitman 1938; Dyksterhuis 1946; Brown 1971; Hyder et al. 1975) .
As a first step in understanding the functional role of legumes in a shortgrass prairie, we provide basic phytosociological data for legumes under ambient environmental conditions and results from experimental manipulation of soil water and mineral nitrogen availability.
Met hods

Site Description
The 
Experimental Design
The experiment was initiated in 1970 utilizing a replicated factorial design of two water and two nitrogen treatments. Each of the two replicates included four I-ha plots consisting of a control, water, nitrogen, and water plus nitrogen treatments.
The nitrogen treatment criterion was to maintain a difference of at least 50 kg ha-' of mineral nitrogen (NH+,+ NO;) between the control and the nitrogen treated plots. This was accomplished by spring applications of ammonium nitrate fertilizer as necessary based upon soil nitrogen analyses. The water treatment consisted of maintaining soil matric potential at a depth of IO cm, above -.08 bars during the May to September growing season. Matric potential was maintained within the treatment range by nightly applications of water with a solid set sprinkler system and monitored by ceramic tensiometers. Although the experiment was begun in 1970, the water treatment criterion was not satisfactorily met until I97 1. 
Legume Biomass and Density
Results
Water is clearly an important factor limiting legume populations in shortgrass prairies (Fig. 1) . Initial densities of legumes ranged around 1 me2 for all three treatments and the control ( Table 1) . Densities remained less than I rnp2 for the nitrogen treatment and the control throughout the 4 years of study. Legume density on the water plus nitrogen treatment increased dramatically during the second year of treatment presumably as a result of the favorable growing conditions produced by this treatment. The decreases in density observed during the last 2 years on the water plus nitrogen treatment were very likely the result of increased competition from species better able to utilize the elevated levels of water and mineral nitrogen. The poor competitive ability of legumes in pastures fertilized with mineral nitrogen is well established (Templeton 1976) . Density of legumes on the water treatment increased in each year of the study and in 1974 was approximately 30 times greater than the control.
A total of seven species of legumes were encountered throughout the study period; the largest number of these was found on the water treatment (Table 1) . Only two species, Psoralea tenuijlora Pursh and Sophora sericea Nutt., were found consistently on the control plots. Despite the large increases in the populations of legumes recorded for the water treatments, it is clear that they comprise a small proportion of shortgrass prairie vegetation. Under control conditions legumes comprised 1% or less of the total plant density throughout the study period.
Analysis of variance of seasonal-mean biomass of legumes resulted in significant treatment (P<O.OOl) and year (P-CO.05) and a significant treatment x year interaction (P<O.OOl). The source of these significant differences can be largely explained by the biomass changes resulting from water treatment (Fig. 1) . Biomass of legumes on the water treatment increased through 1973 with the largest increase occurring between 1972 and 1973. The decrease in average plant size (biomass/density) in 1974 was probably the result of difficulty in continuously maintaining soil matric potential between 0 and -0.8 bars. Biomass of legumes on the control and nitrogen treatment was greater than 1 g m-" only in 1970. 
May
Discussion
The success of legumes under conditions of increased water availability was not an unexpected result and the explanation for it certainly must be related to the physiology of nitrogen fixation as well as the competitive advantage of legumes under nitrogen deficient conditions. Vincent (1965) reviewed the subject of microenvironmental effects on nitrogen fixation by legumes and reported inhibition of nodule formation and nitrogen fixation by combined nitrogen and stimulation of bacterial populations, nodule formation, and nodule functioning with increased soil water availability. To illustrate the reduced nitrogen availability under conditions of the water treatment, Figure 2 compares the nitrogen contents of three important nonleguminous species from the control and the water treatment. Since increases in primary production of these grasslands as a result of small additions of mineral nitrogen have been reported (Hyder et al. 1975) , data from the control can be interpreted as minimum estimates of adequate nitrogen availability. It is clear from these data that legumes with their ability to fix atmospheric nitrogen should have a competitive advantage over species that must rely solely on soil nitrogen. The clear sensitivity of nitrogen fixation to water availability (Vincent 1965) raises serious questions about the potential contribution of legumes to the nitrogen economy of semiarid grasslands. Reuss (1971) in a preliminary investigation of the role of symbiotic nitrogen fixation in a shortgrass prairie concluded legumes probably contributed less than 1 kg ha-l to the annual nitrogen balance. Although this is a very small amount of nitrogen, it did account for 20% of the total annual inputs. Woodmansee ( 1978) presented a more pessimistic view of the potential inputs of nitrogen from symbiotic fixation for six semiarid and arid grasslands, indicating an average of less than 0.5 kg ha-' year -I for each site. For a shortgrass prairie this amounted to 7% of his estimate of total annual input. Reuss (I 97 I ) attributed the small contribution of nitrogen by symbiotic fixation to small populations of legumes and the short duration of conditions favorable for nitrogen fixation.
Additions of water to the shortgrass prairie changed these circumstances significantly. Increased availability of soil water for the entire growing season dramatically increased the size of the legume population and presumably also resulted in much more favorable conditions for nitrogen fixation. Utilizing Reuss's (197 1) figures for fixation rates of various species, calculated nitrogen fixation for the water treatment ranged from less than 1 kg ha-' year -' in the 1970 to 18 kg ha-' year-l in 1973.
The above estimates assume that legumes are the only N-fixing species in the community although there is some evidence that other species may fix nitrogen symbiotically, particularly fringed sagewort and plains pricklypear (Porter 1969). If we assume that legumes are the most active nitrogenfixers in the shortgrass prairie, the large increase as a result of supplemental watering suggests a balance between nitrogen fixation and soil water availability. Masefield (1958) found that wet soil conditions resulted in high nodulation of legumes. Although our data are far from conclusive evidence, the general trends lead us to the conclusion that the legumes on the water treatment will continue to increase until enough nitrogen is being fixed so that the population of legumes will be limited by competition from the remainder of the community. An analogous situation has been reported in pasture mixtures of grasses and legumes (Blaser and Brody 1950; Templeton 1976) . Increased nitrogen availability either by fertilization or nitrogen fixation intensifies competition between grasses and legumes.
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